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Description 

Background of the invention 

1 Field of the invention . 

imposed unbalanced measurement, errors. 


2. Description of the prior art A .,„„_ t « 

US Patent 4.285.240. Gold. Issued August 25, 
1 diSoses an off-the-car wheel unbalance 
1SLSZ ayltem having a ^onaHy^nven 
wheel mounting shaft 

pair of force transducers are mounted in we 
pedestal adjacent to and spaced ax.ally along i the 
uT Th„ fores transducers are coupled 

of the shaft Is monitored with respert to an 
angular reference position at a pred^ate^Ined 
number of angular increments during each full 

uTcrement using sine and cosine representative 
Krs corresponding to the particular ^ angular 
increment The sine end cosine factors are ^tored 
In memory and are called up from storage in 
accordance with the monitored angular positmn 
of the shaft. This system operates to J^vide 
operating data from which unbalance^ force 
magnitude and angular position may be 
Slated. Operation of th* . system white a 
known unbalance Is mounted on the shaft 
orovides data from which calibration constants 
C the system may be calculated. The system 
may also be operated while the shaft is runn ng 
free and data collected which Is indicate of *e 
unbelance in the shaft itself. These data , may 
thereafter be used to provide error corrector for 
operating data wherein the errors accrue from 
Sansducer idiosyncrasies and/or Inherent shaft 

unbalance. ... ., ... - • 

In GB— A — 1 155 402 a method of calibrabng an- 
unbalance analyser of the type which can operate 
over a range of speeds of rotation of the assembly 
to be balanced la disclosed, in this prior art the 
unbalance analyser may Include two vibration 
pick-ups for sensing vibrations in a first and a 
second correction plane respectively, and the 
method includes the steps of rotating an 
unbalanced assembly and sensing the unbate nee 
in one of the planes with one of the P'dc-ups 
which produces a first unbalance signal 
generating 8 first calibration signal which Is such 
as to cancel out th first unbalance signal, and 
thereafter generating a second calibration signal 
which Is such as to cancel out a second unbalance 


signal from the other vibration p.ck-up at the 
second correction plane, and thereafter 
Seting the calibration by standard 

5 ^"calibration is preferably completed by 
adding a known weight to the rotabng assembly 
fn a known position, rotating the assembly and 
sensing *e unbalance in the first correction .plane 
by meaW of the first vibration ipick-up, ^ucing 
unbalance signal therefrom, and adjusting 
'° i££S5rf*. an-lYser so ^ analyser 
indicates the correct emount and position of the 
'added weight! This procedure is then repeattd by 
tensing the unbalance in the second correction 
, 5 ptane fay means of the aacond vibration pick-up , in 
' 5 order to take into account the M»b^°" of the 
analyser for the second correction P»ane. 

Th? calibration may also be completed I by 
attaching a known unbalance weight to the rotor 
,o TSi wiectlon plane. e.g. the first correction 
Sane The analyser controls ere then 
maculated so that the first connection p ane 
Jmnunt and position meters read the correct 
amouS and po P shon of this unbalance, in tte next 
25 stej of the calibration procedure, the unbalance 
weight Is removed and a known unbalance 
weight Is attached to the rotor in the second 

fraction plane. The P^^^atTseTond 
controls are then manipulated so that a second 
set of meters corresponding to the secona 
3 ° correction plane read the proper amount of 
unbalance and the correct position of the 
unbalance. 


as Summary of the invention 

Thr P Vesent invention provides an '^proved 
apparatus for calibrating a balancing machine for 
dynamically balancing objects rotatable on a 
shaft thereof, said apparatus compnsing th 
40 means defined in claim 1. 

The present invention also provides an 
improved method of calibraating a dynamic 
balancing machine for detecting mass unbalance 
in objects mounted on a rotatably driven machine 
45 shaS said method being as defined in claim 4 
The present invention also provides an 
Improved method of calibrating a dynamic mass 
unbalance detection machine having a shaft 
ratably driven about a spin axis, said method 
50 being as defined in cleim 10. 

Brief description of the drawings 

Figure 1 is a diagrammatic elevabon view of the 
unbalance measurement system of the present 

55 '"R^u'ra^ Is a graphic depiction of the 
relationship between force and sensor output as a 
function of axial shaft position. 

DeacriDtion of the preferred embodiments 
60 ° ?S invention Closed hereir , is . for use ,n a 
dvnamic balancing machine, typified by the 
conventional mechanical arrangement shownln 
US. Petent 4.285.240 mentioned Piously, jhe 
. 65 machine pr vides for measurement of unbalance 
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mass in a rotating body when the unbalance mass 
produces an unbalance force when the body Is 
rotat d by the machine. Typically an automobile 
rim and tire c mbinati n provides th article t be 
balanced. The rim and tire combination is 5 
securely mounted against a shoulder on. a spin 
shaft in the machine. The rim portion of the rim 
and tire combination has the usual centrally 
disposed hole which fits over, the end of the shaft 
and the rim is held tightly In place on the shaft by . to 
a wheel clamp which engages threads formed on 
the shaft end. A pair of bearing housings^ are 
supported within . machine framework. Bearing 
members within the bearing housings support 
the shaft within the framework so that the shaft' is 15 
disposed for rotational motion within the 
framework. Left and right force transducers are 
positioned between the framework and the 
bearing housings and the transducers are 
maintained in continuous contact with ! the 20 
housings. In this fashion forces arising by reason 
of rotation of an unbalanced article mounted on 
the machine shaft are sensed by the transducers 
and electrical outputs are provided thereby. 

The machine also includes structure associated 25 
with the shaft for providing data Indicative of the 
instantaneous position of the shaft. The shaft is 
driven by a motor through a belt and pulley 
arrangement. Controls are provided for initiating 
rotation in the shaft as well as for selecting the 30 
various functions performed by the machine, 
such as operations to detect unknown unbalance, 
to obtain transducer calibration or to detect zero 
shaft unbalance, to name a few. Other functions 
are described in the aforementioned U.S. Patent 35 
4,285,240. 

A phasor is defined as an alternating quantity 
conveniently represented by a projection of a 
rotating line on a fixed axis. The unbalance forces 
caused by rotation of an unbalanced mass 40 
mounted on the machine will be described herein * 
as phasors, wherein they will be conveniently 
represented by instantaneous projections of the 
phasor on orthogonal x and y axes. Unbalance 
phasors may be caused by unknown mass 45 
unbalance in a rotating body being measured, 
known calibration weight mass unbalance, or 
unloaded or free running shaft unbalance as the 
shaft is rotated. Fundamental x and y components 
of the rotating mass unbalance phasors may be so 
recovered substantially noise free and measured 
as described in the aforementioned U.S. Patent 
4,285,240. With this in mind, the unbalance 
measurement equations for a rotating body will 
be reviewed presently. ss , 

- By way of review of the pertinent portion of the 
machine, Figure 1 shows a shaft 11 mounted in a 
framework represented at 12. the shaft may be 
selectively driven rotationally through a pulley 13 
fixed to the shaft, a belt 14 surrounding the pulley €0 
and engaging a pulley 16 on the end of a shaft 
which is- driven by a frame mounted motor 17. 
The sheft is mounted in bearings within the 
framework as h reinbefore described, and left 
and right fore sensors or transducers 18 and 19 65 
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resp ctively ar mechanically coupled to the 
shaft; Force exerted n the left transducer is 
shown as F L and on the right transducer as F R . The 
axial spacing between the; left end right, force 
sensors {Zo to Zg) is shown as a. A pair of mass 
unbalance correction planes P2 and P1 are shown 
in Figure 1 Intersecting the. axis of the shaft at 
points Z 4 and Z5 respectively. The unbalance 
-correction planes are separated by a distance c 
arid the left correction plane R2 is displaced by the 
: distance b from the axial location Z 3 .of the right 
transducer 19. Dynamic unbalance measurement 
"is obtained for an article for , which mass 
unbalance has been detected by converting the 
sensed unbalance data to unbalance correction 
weight to be applied at a point in each of the 
correction planes, so that not only radially 
directed mass unbalance is compensated, but 
unbalance couples about an axis orthogonal to 
the spin axis are also compensated. 

It may also be seen in Figure 1 that a pair of 
mass unbalance calibration planes Z 2 and Z 1 
intersecting the shaft spin axis are shown 
separated by a distance e: The left calibration 
plane Z 2 is spaced from the right transducer 19 at 
Z 3 by a distance d. Calibration forces F C i and F c2 
are shown in the calibration planes Z 2 and Z 3 
respectively. The manner in which these 
- calibration forces are obtained and the purpose to 
which they are put will be hereinafter described. It 
should be noted that the calibration planes Z 2 and 
are shown as displaced from the unbalance 
correction planes P2 and PI in Figure 1 for 
illustrative purposes only. The unbalance 
calibration planes, may take various positions 
relative to the unbalance correction planes, 
ranging from coincidence with typical unbalance 
correction planes to positions to the left or right 
(as shown), or any intermediate positions there- 
between. It should be noted in Figure 1 that the 
vertical direction may be denoted the y direction, 
trie direction orthogonal to the plane of the paper 
the x direction, and the horizontal direction the 2 
direction. 

With reference now to Figure 2 of the drawings, 
the horizontal axis is also designated the z axis 
and corresponds to the center line of the shaft 11. 
The vertical axis in Figure 2 is designated the y 
axis; and the axis orthogonal to the plane of the 
paper is designated the x axis. The left and right 
transducers or forces sensors, 18 and 19 
respectively, are shown in Figure 2. Mass 
unbalance correction planes P2 8nd P1 and mass 
unbalance calibration planes Z 2 and Z 1 are shown 
In Figure 2 in the same relative positions they 
occupy in Figure 1. The force exerted on the left 
force transducer 18, F t and the force exerted on 
the right force transducer 19, Fr, are shown 
exerted at ' shaft axial positions Zq and Z 3 
respectively. 

It should be noted that shaft angle is known at 
any point in time and therefore the x and y 
v "c mp n nts of the unbalance force phasors (and 
therefore th transducer utput signal phasors) 
are attainabl at any point in tim . In the 
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following, the symbols F, E anrfK will be used to 
represent the force, transducer utput signal and 
correctibrv phasors respectively. The correction 
phasor is required because experience t aches 
that the transducer output is not quite In phase 
with the force exerted thereagainst, and the 
output magnitude Is not exactly the same from 
transducer to transducer.The correction phasor Is 
therefore necessary to provide^phase .and scale 
factor correction for the transducer, output 

signals; 1_ * « :,s u 

In complex exponential notation me following 
relationships apply: 


If 


Then 


E«Ee J<wt ~ e) 


K-Ke* and KE«F 
KI=KEe |wt =rV wt =F 


(1) 


We have therefore defined the .correction 
constant K. _ 

Choosing the transducer output phasor E for 
this example to 1 lag' in phase behind the force 
phasor F;the relationships (1) may be expanded 

as follows: % 

• « *• ■■ . • • • « * ! 

' F-KEe^-KE (coswt+jsinwt) . 
T^iKt+JKy) (E^-JE,) 


And 


F^+JE,) 
E, a +E y a 


(2) 


For one transducer extracting real components 
provides the following relationship: v 


FE, 


(3) 


Extracting 'imaginary components from the 
relationship (2) provides the following: 


E, 2 +E y * 


(4) 


Expanding both sides of relationship (1) 
provides the following relationship: 

T^F.+JF^k+JK,) (E,-JE,) 

Extracting real components from relationship 
(5) provides the following: 


* Extracting Imaginary components from the 
relationship (5) provides the following: 
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Fy=*KyE E — KjtEy 


(7) 


It should be noted that relationships 6 and 7 are 
for one transducer only. 
' Referring how to Figure 2, a general solution for 
Fu. ^ F' L arid F' R is undertaken together with an 
explanation of the advantages obtained by 
computing the latter two quantities. As disclosed 
In the U.S. Patent 4, 285,240 to which reference is 
: rnade hereinbefore, calibration of the transducers 
:18 and 19 is undertaken by rotating a single 
known unbalance on the shaft 11 at, in this 
example, the plane Z 2 seen in Figure 2. When 
such a calibration spin is undertaken, the forces 
F u F r and Fca are present in planes substantially 
orthogonal to the axis of shaft 11 at points Z* Z 3 
and Z 2 respectively. A summation of the forces 
(with upwardly directed forces being positive) 
results in the following: 

-Fl+Fr-Fc^O 

Fr=F l +Fc2 

; >V summation of the moments about Z 3 (with 
clockwise moments assigned a positive sense) 
results in the following: 

-F K a+F C2 d=0 


F L =(— > Fez 
~ a 


F R =(— +D F C 2 
a 


(8) 


(9) 


The relationships (8) and (9) result. These 
relationships may be seen to be straight line or 
linear relationships in Figure 2 extending from the 
point E LC a to the point Z3 (8), and extending from 
the point E„ca to the point Z<, (9). These linear 
r°- s^'^HsbiDs are 

shown in dashed lines in Figure 
2 and may be seen to be functions of known 
dimensions In the z direction as well as the known 
calibration force, F^. 

.The . actual relationship between force and 
transducer output as the plane in which an 
unbalance weight moves In the 2 direction is 
shown by the curves 21 and 22 for the right and 
left transducers respectively in Figure 2. These 
T *c0rves are obtained by mounting known 
calibration weights on the shaft at known axial 
positions and observing the transducer outputs. 

The curve 21 is generated by looking at the 
output of the right transducer 19 as a calibration 
weidht is positioned at a plurality of points along 
the 2 axis. The left end of the curve 21 appears as 
a dashed line because axial test point locations 
forthe calibrati n weight g only just to th left of 
the 'right transducer 19 in actual practic . 
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Therefore the curve 21 is extrapolated to the point 
Zq at the axial location of the I ft transducer ft 
may be seen Intuitively that F R would havet be 
zero if the calibration weight was placed in a 
plane indlucing Zq, becaus th o'retically all of the 
unbalance would be sensed by the left transducer 
18. 

The actual curve 22 for F L is generated in the 
same fashion as is used to generate curve 21. 
Again, if all of the calibration weight was In the 
plane including point Za the output from 
transducer 18 would be zero and all the output 
would be provided by the right transducer 19. The 
curves may be seen to be concave upwardly and 
to depart to some extent from the straight line 
relationships (8) and (9). As a 'consequence, it may 
be seen that the value on the line representing the 
last two mentioned relationships Is an 
approximation and departs from the actual 
relationships 21 or 22 at the mass unbalance 
correction plane P2. This departure or deviation 
represents an error imposed in the measured 
unbalance in plance P2. 

As mentioned previously the mass unbalance 
calibration planes Za and Z t are shown in Figure 2 
displaced from mass unbalance correction planes 
P2 and P1 for purposes of clarity. Calibration 
planes may be positioned at other intersections 
with the z axis of Figure 2 and could be^made to 
coincide with unbalance correction planes P2 and 
P1. An unbalance weight calibration fixture is 
shown in dashed lines in Figure T having known 
calibration weights W1 and W2 mounted thereon 
in calibration planes Z A and Z 2 and at known radii 
from the spin axis of shaft 1 1 . However, since the 
unbalance correction planes P2 and PI depend 
upon the configuration of the article being 
balanced, the points Z4 and Zg will change in 
position oh the z axis from article to article. 

When known calibration weights are, spun on 
the shaft 1 1 in one of the planes Z t or Z2 and then 
the other, the left transducer 18 provides an 
output E LC1 and E^ and the right transducer 19 
provides an output E RC i and E RC a. Since? the 
positions Z n and Z 2 are known, the calibration 
forces Fca and Fc, are known, and the afore- 
mentioned transducer outputs are measured, the 
z direction dimensions a' and d' seen in Figure 2 
may be defined as follows: - 


By analogy to relationships (8) and (9), the 
following relationships for F' L and F' R may be 
made 


d'+e 


eE LC2 


Elci~"Elc2 


(10) 


a'+d'+e a'+d' 

E RC2 


a'=-d'-+e- 


E R ci~E RC 


(11) 
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d' 

P R «(1+ -JFc, 

a' 


(12) 


(13) 


FWcat" 


F' R -F ca (1+- 


Elc2(E rc1 — E RC2 ) 

ErC2ElC1 "~^LC2E RC i 
' ElC2(ErC1 — ERC2) 
ErC^LCI *~E L c2E RC 1 


-) (14) 


") (15) 


Relationships (14) and (15) shown that F' L and 
F' R are functions of a known calibration force F C2 
and measured transducer output values E. 

The straight line functions (12) and (13) are 
shown in Figure 2 as F' R and F' L extending 
through the points (E RC i, E Rca ) and (E LC v E LC2 ) 
.respectively. These straight line relationships 
intersect the z axis at Z ' 0 and Z' 3 , which' represent 
the apparent locations of the transducers 18 and 
19. Their apparent separation in the z direction is 
a' and the apparent distance In" the z direction 
from Z' 3 to Z 2 is noted as d'; Thus, the apparent 
axial separation between the transducers 18 and 
19 and the apparent :. axial, position* of th 
transducers relative to the calibration plane 
through the point Z 2 are known. The deviation of 
the relationships F' R and F' L from the actual 
curves 21 and 22 in the unbalance correction 
plane P2 may be seen to be considerably less than 
the deviation of the straight lines F R and F L from 
curves. 21 and 22 in plane P2. Therefore the error 
content in detected unbalance in the mass 
unbalance correction planes is reduced. 

Alternatively relatively precise calibration for 
the transducers 18 and 19 may be obtained for 
: specific mass unbalance correction planes P2 and 
P1 by taking the calibration data while one 
unbalance calibration, plane is coincident with 
plane P2 and the other is coincident with plane P1 . 
This procedure would require a calibration run for 
each set of mass unbalance correction planes P2 
and PI. 

♦ As shown, the straight line relationships for F' L 
and F' R are good approximations of the curves 22 
and 21 respectively in the regions from Z4 through 
Z v If higher degress of accuracy are required, 
then the straight line approximations F' R and F' L 
could give way to construction ' of the actual 
curves 21 and 22 by undertaking a sufficiently 
large number of calibration spins with th 
calibration weight being moved incrementally in 
the z direction v Precise calibration data could then 
be obtained for any axial location of mass 
unbalance correction planes P2 and P1. 
The tin ar ' relationships F r R and F' L appear 
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practically parallel in that portion of the curves 
depicted in Figur 2, but may be seen from the 
relati nshlps themselves to converge at infinity. 

The calibration constants themselves are 
obtained by combining relationships (3) and (12) 
and by combining the relationships (4) and (13). 
The following results are obtained: 

(dVa')FczEiic 


Ki_r — 


E 2 U cc+E I lyc 
(d7a')FczE Lyc 

(l+d7a')F C zEHxc 
E*Rxc+E a nvc 


A (16) 


(l+dVa'IFczERYc 


E 2 HXC +Ea HYC 


, In the relationships (16) it should be noted that 
there are x and y components for the calibration 
constants' for the left transducer 18 andHHe right 
transducer 19. The quantity Elxc for example, 
describes the x component of the left transducer 
output with the calibration weight in unbalance 
calibration plane Z 2 . \, * . 

Applying the calibration constants of the 
relationships (16) to the general force transducer 
equations for the x and y components, (6) and (7) 
respectively, thejollowing is obtained: 


Ftx™ K LX E L x+ KlyEly\ 
F L y= KlyElx - KixEly 
Fry 23 KrxEbx-* 1 Kry^ry 
Fhx=KryErx**"Krx e ry 


(17) 


It may therefore be* seen that the calibration 
constants obtained by the use : of the foregoing 
described apparatus and method may be applied 
to the transducer data to obtain data indicative of 
the unbalance force in an article being spun on 
the shaft 11, which data is thereby corrected for 
errors in the transducer output due to transducer 
idiosyncrasies and physical placement along the 
shaft relative to. the mass unbalance correction 
"planes. '.. J . 

If the .shaft assembly 11 te not mechanically 
balanced (for example by means of turning the 
shaft assembly. itself on a balancer and removing 
shaft assembly material . to' obtain dynamic 
balance) a zero balance spin, or unlbaded' shaft 
spin may be . undertaken as described In the 
aforementioned U.S. Patent . 4,285,240.' , The 
residual shaft unbalance quantities may be stored 
for use in removing* th effects of such residual 
unbalance from data obtained in the machine 
calibration steps described herein or from 


■unknown unbalance measurements tak n for 
^articles being balanced. If Etxcu and similar terns 
•correspond .to , Elxc arid similar . terms 

uncalibrated, and if Axco Is Etxwith no shaft I ad, 

then: . 
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t Elvc = Elycu— E LY co : 
Erxc d Erxcu " Erxco 
.r Eryc-Erycu - Eryco 


(18) 


r . .. f 

; In like fashion. where. Euxu and similar terms 
correspond to Elx and similar terms uncalibrated, 
then: . , i 


. Ei_x= Elxu~ Exco 
Ely 555 Elyu ~ E LY co 
Erx= Erxu— Erxco 
Ery" E R yu~ Eryco 


(19) 


It.shouid be noted that in the.relationships (18) 
and (19) the quantities on the left of the 
relationships are calculated from the quantities 
on the right which are measured. 

The manner in which the data acquired by 
means of the description herein is transposed to 
the mass unbalance correction planes P2 and'PI 
for indication of unbalance measurements in 
•those p'anes, and the computation of the 
compensating weights and angular positions for 
weight applications In the correction planes, is 
described in the aforementioned U.S. Patent 
4,285,240, columns 8, 9 and 10. 

Although the best mode contemplated for 
carrying but the present invention has been 
herein shown and described, it will be apparent 
i:that modification and variation may be made 
'without departing from what is claimed. 

Claims 

1, Apparatus for calibrating a balancing 
machine for dynamically balancing objects 
rotatable on a shaft thereon, comprising 

means for mounting a known mass at a known 
radial position and at a first known axial position 
on the shaft, 

means for mounting a known mass at a known 
radial position and at a second known axial 
position on the shaft, 

a pair of sensors for detecting force spaced 
along and coupled to the shaft for detecting force 
caused by mass unbalance mounted on the shaft 
when it is rotating, 

means coupled to said sensor means for 
computing the mass unbalance during a first 
calibration spin with said known mass in said first 
axial position and- during a second calibration 
spin with said known mass in said second axial 
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position and for comparing the computed ,wfth 
the known mass unbalances, when said known 
masses are sequentially m unted on. the. 
machine, whereby correction factors for a specific 
sensor means is obtainable from the comparison. 

2. Apparatus as in claim 1 wherein said, 
mounting means comprise a wheel . rirn-l ike 
fixture adapted to be mounted on the shaft anda^ 
plate attached to the periphery thereof haying a 
plurality of axially spaced mounting positions 
thereon and providing first and second known, 
axial positions. i 

3. Apparatus as in claim 1 wherein said means 
for mounting comprise first and second separate 
plates alternatively mountable on the shaft. ^ 

4. A method of calibrating a dynamic balancing 
machine for detecting mass unbalance in objects 
mounted on a rotatably driven machine shaft, 
wherein a pair of sensors for detecting force .are 
spaced along and coupled to the shaft and 
provide outputs indicative of unbalance during 
shaft rotation, and wherein the sensor outputs are 
coupled to a computer which provides unbalance 
force magnitude and u phase information, 
comprising the steps of 

mounting a known mass at a known radius and 
a first known axial position on the shaft, 

spinning the shaft a first time, . \ 

storing the sensor outputs, 

mounting a known mass at a known radius and 
a second known axial position on the shaft, 

spinning the shaft a second time to obtain 
further sensor outputs, . *■ - 

computing the apparent axial separation 
between the sensors and the apparent axial 
positions of the sensors utilizing the outputs 
obtained from the first and second shaft spins, 
whereby magnitude and phase information with 
reduced error content is detectable relative to 
unbalance mass in machine shaft mounted 
objects at predetermined axially located planes, 
said apparent axial positions of the sensors being 
determined by using a straight line relationship in 
the computation of the outputs obtained for each 
of said pair of sensors during* said first and 
second shaft spins as a function of said first and 
second axial shaft positions, the points at which 
said straight line relationships pass, through a 
reference line representing axial position on the 
shaft being termed the apparent axial positions of 
the sensors. 

5. A method as in claim 4 together with the 
steps of spinning the shaft with no load mounted 
thereon, storing the no load sensor outputs, and 
correcting the outputs from the first and, second 
shaft spins with the no load outputs. : • 

6. A method as in claim 4 wherein the steps of 
mounting known masses at first and second 
known axial positions comprise the steps of 
selecting the first and second axial positions to be 
substantially in the predetermined axially located 
'unbalance mass detection planes. 

7. A method as in claim 4 wh rein the shaft is 
rotatably driv n about a spin axis and the sensors 
are force sensors providing outputs indicative of 
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force r suiting from unbalance loads during shaft 
rotation and wherein th outputs ar lectrically 
coupled to said computer, comprising the steps of 

mounting a known mass on the shaft at a 
known radius from the spin axis and in a' first 
known mass unbalance calibration plane, 

spinning the shaft a first time, 

storing data indicative of the first spin force 
sensor outputs, 

mounting a known mass on the shaft at a 
known radius from the spin axis and In a second 
known mass unbalance calibration plane, 

spinning the shaft a second time to obtain 
further sensor outputs, and computing the 
apparent axial separation and axial positions of 
the sensors using the data indicative of the force 
sensor outputs from the first and second spins, 
whereby such computed quantities are used to 
reduce the error content in detected unbalance in 
predetermined mass unbalance correction 
planes. 

8. A method as in claim 7 together with the 
steps of spinning the shaft with no load mounted 
thereon, storing the no load sensor data, and 
Correcting the data from the first and second shaft 
spins with the no load data. 

9. A method as in claim 6 wherein the steps, of 
mounting known masses in first - and second 
known "mass unbalance calibration planes 
comprise the steps of selecting the first and 
second calibration plane and locations to be 
substantially in the predetermined mass 
unbalance correction planes. 

r 10. A method of calibrating a dynamic mass 
1 unbalance detection machine having a shaft 
rotatably driven about a spin axis and a pair of 
force sensors providing outputs indicative of 
force resulting from unbalance loads during shaft 
rotation and being axially spaced along and 
mechanically coupled to the shaft, wherein the 
outputs are electrically coupled to a computer, 
comprising the steps of . > 

( mounting a known mass on the . shaft at a 
known radius from the spin axis and in v e plurality 
of successive known axially spaced mass 
unbalance calibration planes, 

spinning the shaft a plurality of times, once for 
each of the axially spaced calibration planes, 

storing data indicative of the force sensor 
1 outputs from each calibration plane spin, and 

computing the relationships between 
unbalance force and data indicative thereof as a 
function of axial shaft position using the data 
indicative of the force sensor outputs from the 
/plurality of spins, whereby such computed 
- relationships may be used to provide calibration 
data to reduce the rerror content, in detected 
unbalance In predetermined mass unbalance 
correction planes. 

11. A method as in claim 10 wherein the step of 
computing comprises calling up the calibration 
*data^from the computed relationships which 
coi respond to the axial shaft position of the mass 
unbalance correction planes. 

12. A method as in : claim 11 wherein the 
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calibration data are obtained in two calibration, 
planes and the computed relationships are.., 
assumed to be linear. 

13; A method as in claim 10 together with the 
steps of spinning the shaft with no load mounte^. 
thereon, atoring the no load sensor data, and 
correcting the stored data with the no load data. 

Patentanspruche 

1. Vorrichtung zum Kaiibrieren elner Maschlne 
zum' dynamischen ■ ; Auswuchten von. Gegen- 
stinden, die auf einer Welle auf ihr drehbar 
angeordnet sind, gekennzeichnet durch 

eine Eihrichturigzum Anbringen elner bekann^ 
ten Masse in einer bekannten radialen und, in 
einer ersten bekannten axialen Lage an der Welle, 

durch eine Einrichtung zur Anbringung einer 
bekannten Masse in einer bekannten radialen und 
einer zweiten bekannten axialen Lage an der 

Welle •* 

durch eih Paar Sensoren zur Ermittlung von 
Kriften/die auf der Welle beabstandet und mtt ihr 
gekoppelt sind, urn KrSfte zu erfassen, die durch 
die Massenunwucht an der Welle bei deren 
Drehung auftreten, und . c 

durch ein an die Sensoranordnung ange- 
schlossene .-Einrichtung zum Berechnen, der 
Massenunwucht wahrend einer ersten Kalibner- 
drehung, bei welcher sich die bekannte Masse in 
der ersten axialen Lage befindet, und wahrend 
einer zweiten Kalibrierdrehung,,bei welchersich 
die bekannte Masse in der zweiten axialen Lage 
befindet und zum-Vergleich der berechneten mit 
der bekannten Massenunwucht, wenn die 
bekannten Massen nacheinander auf-Maschine 
angebracht werden, so. daB aus dem Vergleich 
Korrekturfaktoron fur eine spezielle Sensor- 
anordnung ableitbar slnd. j> 

2. Vorrichtung nach .Anspruch 1. dadurch 
gekennzeichnet, daB die Einrichtung zurn 
Anbringen eine felgenartige Einrichtung, die auf 
die Welle aufsettbar Jst, sowie eine an deren 
Umfang angebrachte Platte, mit einer yiebahl 
axial beabstandeter Anbringpositicmen aufweist 
welche die erste und die zweite bekannte axiale 
Lsge schafft. • 

3. Vorrichtung nach Anspruch 1, dadurch 
gekennzeichnet, daB die Einrichtung zum 
Anbringen eine erste und eine zweite Platte 
aufweist, die alternative, auf die Welle aufsetzbar 
sind. . . \ 

4. Verfahren zum Kaiibrieren einer ? dy- 
namischen Auswuchtmaschine zum Ermitteln 
der Massenunwucht von auf einer drehange- 
treibenen Maschinenwelle aufgesetzten Gegen- 
stSnden, wobee ein Paar Sensoren zur Ermittlung 
von Knfften entlang der Welle beabstandet und 
mit dieser gekoppelt 1st und wahrend der Wellen- 
drehung die : Unwucht <enzeigende Aus- 
gangssignale liefert, wobei die Sensor-Aus- 
gangssignal an. ein n Rechner gelegt .wer- 
den, der Amplituden- und Phaseninformation 
hinslchtlich der Unwucht liefert, dadurch 
gekennzeichnet, daB 
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eine bekannte Masse in- einer bekannten 
radialen und- einer ersten bekannten axialen Lage 
auf der Well angeordnet wird. .. 

•die Welle ein erstes Mai. gedreht wird, 

die ■* Sensor-Ausgangssignale abgespeichert 
werden, ■ J - • • . . 

eine bekannte Masse in einer bekannten 
radialen und einer zweiten bekannten axialen 
Lage auf der Welle angeordnet wird, , 
- die Welle- ein zweites Mai gedreht wird,, urn 
weitere Sensor-Ausgangssignale zu erhalten, und 
daB 

aus den Ausgangssignalen fur die erste und die 
zweite Wellendrehung der scheinbare axiale 
Abstand zwischen ' den Sensoren und deren 
scheinbare axiale Posltionen berechnet werden. 
wodurch Amplituden- und Phaseninformationen 
mit verringertem Fehleranteil Qber die Unwucht 
von auf der Maschinenwelle in vorbestimmten 
Axialebenen angebrachten Gegenstanden 
erhiltlich sind, wobei die scheinbaren axialen 
Positionen der Sensoren bei der- Rechnung der 
bender ersten und der zweiten Wellendrehung 
erhaltenen Sensor-Ausgangssignale unter Ansatz 
eines gradlinigen Zusammenhangs zwischen der 
ersten und der zweiten axialen Lage. auf der Welle 
bestimmte werden und die Punkte, in denen die 
Gerade die axiale Lage entlang der Welle darstell- 
ende Bezugslinien schneidet, als die scheinbaren 
axialen Orte der Sensoren gelten. 

5. Verfahren nach Anspruch 4, dadurch gekenn- 
zeichnet daB die Welle ohne aufgesetzte Last 
gedreht wird, diese Leeriauf-Ausgangssignale der 
Sensoren gespeichert und die Ausgangssignale 
fur die erste und die zweite Wellenumdrehung mit 
"den •" , Leerlauf-Ausgangssignalen korrigiert 

werden. ' . 

6. Verfahren nach Anspruch 4, dadurch gekenn- 
zeichnet, daB bei der Anbringung der bekannten 
Massen In der ersten und der zweiten bekannten 
axialen Lage diese axialen Lagen so gewahlt 

2 werden, daB sie sich im wesentlichen in den 
v vorbestimmten axialen Unwucht-Ermittl- 
: ungsebenen befinden. - 
r 7. Verfahren nach Anspruch 4 # dadurch gekenn- 
zeichnet; daB die Welle um eine Spin T bzw. 
limdregungsachse drehbar angetrieben wird und 
die Sensoren Kraftsensoren sind und Ausgangs- 
signale liefertn, die die Infolge der Unwucht- 
belastung bei der. Wellendrehung ehtstehenden 
Krafte anzeigen, daB die Ausgangssignale 
elektrlsch an den Rechner angeschlossen sind, 
daB eine bekannte Masse auf der Welle in 
l einem bekannten Radius von der Umdrehungs- 
achse und in einer ersten bekannten Unwicht- 
Kalibrlemngsebene angeordnet wird, 
• die Welle ein erstes Mai gedreht wird, 

die den bei der ersten Drehung . auftretenden 
Sensor-Ausgangssignalen entsprechenden.Daten 
abgespeichert werden, • 

' einen bekannte Masse auf der Welle In elnem 
bekannten Radius von der Umdrehungsachse 
" und in einer zweiten bekannten Unwucht- 
Kallbrierungsebene angeordnet wird, . 
und daB die Welle ein zweites Mai gedreht wird, 
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um weitere Sensorausgangsslgnale zu erhalten, 
aus denen die ' Ausgangssignale der Kraft- 
sensoren beim ersten und beim zweiten Drehen 
darstellenden Daten den scheinbaren axialen 
Abstand und die axiale Lags der Sensorert 
berechnet und 'mit den berechneten tfroSen dor 
Fehleranteil der ermittelten Umwucht in vorbe^ 
stimmten Unvyucht-Korrelcturebenen verringert 
warden. . 

8. Verfahren nach Anspruch 7, dadurch gekenn- 
zeichnet, daB die Welle ohne Last gedreHt wird, 
daB diese Leerlauf-Sensordaren abgespeichet 
warden, und daB die Daten- aus dem erstenund 
dem zweiten Drehen der Welle mit den Leerlauf- 
daten korrigiert werden. 

9. Verfahren nach Anspruch 6, dadurch gekenn- 
zelchnet, daB das Anbringen bekannter Massen in 
einer ersten und einer zweiten- bekannten 
Unwucht-Kalibrierungsebene das Auswahlen der 
ersten und der zweiten Kaiibrierungsebene und 
-brte im wesentlichen als in den vorbestimmten 
Unwucht-Korrekturebenen liegend umfaBt 

10. Verfahren zum Kalibrieren eineir Maschine 
zum d^namischen Erfassen von Unwuchten, die 
eine um eine Umdrehungsachse drehange- 
triebene Welle und ein Paar Kraftsensoren 
aufweist, welche Ausgangssignale entsprechend 
den von der Unwucht bei der Wellendrehung 
verursachten KrSfte liefern und die entlang-der 
Welle axial beabstandet lin'd mit ihr gekoppelt 
sind, wobei die Ausgangssignale elektrisch an 
einen Rechner gelegt sihd, dadurch gekenn- 
zeicrinet, daB 

eine bekannte Masse auf der Welle in eihem 
bekannten Radius von der Umdrehungsachse 
und in einer Vielzahl aufeihanderfolgender axial 
beabstandeter Unwucht-Kalibrierungsebrnen 
angeordnet wird, 1 

die Welle eine Vielzahl von Malen, und zwar 
jeweils einmal fur jede der axial beabstandeten 
Kalibrierungsebenen gedreht wird, 

den Ausgangssignalen der Kraftsensoren fur 
jede der Umdrehunden in den Kaiibrierungs- 
ebenen entsprechende Daten abgespeichert 
werden, und "■ - 

aus den den Ausgangssignalen der Kraft- 
sensoren fur die Umdrehungen entsprechenden 
Daten die Zusammenhange zwischen der 
Unwucht und den dieser entsprechenden Daten 
als Funktion der axlalen Lage entlang der Welle 
berechnet werden, so daB aus den berechneten 
Zusammenhangen Kalibrierungsdaten abgeleitet 
werden, mit deneri der Fehleranteil der erfaBten 
Unwucht in" vorbestimmten . Unwucht-Kor- 
rekturebenen verringert werden kanni 

11. Verfahren nach Anspruch 10, dadurch 
gekennzeichnet, daB das Berechnen das Ermhteln 
der Kalibrierungsdaten aus den berechneten 
Zusammenhangen umfaSt, die der axialen Lage 
der Unwucht-Korrekturebenen entlang der Welle 
entsprechen. 

12. Verfahren nach Anspruch 11, dadurch 
g kennzeichnet, daB die Kalibrierungsdaten in 
zwei Kalibrierungsebenen aufgenbmmen und die 
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berechneten Zusammenhange als linear 
angenommen werden. 

13. V rfahren nach Anspruch 10, dadurch 
gekennzeichnet, daB die Welle ohne aufgesetzte 
Last g dreht wird, . daB . diese Leeriauf- 
Sensordaten abgespeichert w rden und daB die 
abgespeich rten Daten mit den Leeriaufdaten 
korrigiert werden. \ 

Reverdications 

1. Appareil d'etalonnage d'une machine d'equi- 
librage destine h equilibrer dynamiquement des 
objets^tournant sur un arbre, comportant: 
- un dispositif de montage d'une masse cohnue 
dans une position radiale connue et dans une 
premiere position axiaieconnue sur I'arbre, 

un dispositif de montage d'une masse connue 
dans une position radiale connue et une second 
position axiale connue sur I'arbre, . 

una paire de capteurs destines a detecter une 
force, espaces le long de I'arbre et accouples avec 
lui pour detecter une force produite par un 
desequilibre* de masse montee. sur^ I'arbre 
lorsqu'il est en rotation, 

* un dispositif couple avec lesdits capteurs pour 
calculer le desequilibre de masse pendant une 
premiere rotation d'etalonnage avec ladite masse 
connue dans ladite premiere position axiale et 

.. pendant une seconde rotation d'etalon nag e avec 
ladite masse connue dans ladite second position 
axiale et .pour comparer le desequilibre calcule 
avec le desequilibre de masse connu lorsque 
lasdites masses connues sont mbntees 

- sequentiellement sur la machine de maniere que 
des facteurs de correction pour un dispositif 
capteur specrfique puissent etre pbtenus a parti r 
de la comparaison. 

2. Appareil selon la revendfcation 1, dans lequel 
ledit dispositif d'un montage comporte un 
accessoire en forme de Jante de roue agence pour 
etre monte sui; I'arbre et une plaque fixee sur sa 
peripherie comprenant plusieurs positions de 
montage espacees axlalement et determinant une 
premiere et une seconde positions axiales 
connues. 

3. Appareil selon la revendication 1, dans lequel 
ledit dispositif • d'un montage comporte une 
premiers et une seconde plaques separees 

-pouvant etre montees alternative'ment sur I'arbre. 

4. Procede d'etalonnage d'une machine 
d'equilibrage dynamique destine a detecter un 
d£sequilibre de masse dans des objets montes 
sur un arbre de machine mis en rotation, dans 
lequel une paire de capteurs pour detecter une 
force sont espaces I e long de I'arbre et accouples 
avec lul et fournlssent des sorties Indiquant un 
d$se<quilibre pendant une rotation de I'arbre, et 
dans lequel les sorties des capteurs sont couplees 
avec un calculates qui produit des informations 
d'amplitude et de phase de force de desequilibre, 
^consistent essentiellement: 

. " a monter une masse connue a un rayon connu 
et une premiere position axiale connue sur 
J'arbre, 
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a faire tourner I'arbre une premiere fbisy 

a m6moriser les sorties des capteurs,_ 

a monter una masse conriue avec un ray n 
connu :et une seconds position axiale connue sur 
I'arbre, , "* *' v ' " '\' 3 

a faire tourner I'arbre une seconde fois pour 
obtenir d'autres sorties des capteurs, 

a calculer la separation axiale apparente entre 
les capteurs et les positions axiales apparentes 
des capteurs en utillsant les sorties obtenues a io 
partir de la' premiere et la seconde rotations 
d'arbre, de maniere' que des informations 
d'amplitude et de phase avec un *contenu 
d'erreurs redult pulsseht §tre detectees par 
rapporte'une masse de desequilibre dans des is 
objets mbntes sur I'arbre de machine a des plans 
predetermines situ§s " axialement, lesdites 
positions axiales apparentes des capteurs etant 
determineea en utilisant une relation rectilijgne 
dans le calcul .de sorties obtenues pour chacune 20 
desdites paires" de capteurs" pendant ladite 
premiere et ladite seconde rotations d'arbre* en 
* fonction de ladite premiere et ladite seconde 
., positions axiales d'arbre, les points auxquels 
lesdites relations rectilignes passe nt par une ligne 25 
de reference representant une position axiale sur 
I'arbre etant cbnsideres comme les positidns 
axiales. apparentes' des capteurs. *'< * 

.5. Precede selon la revendication 4, associe 
I > avec les operations de mlse en rotation de I'arbre 30 
sans aucune charge montee sur lui, de memorisa- 
tion des sbrties des capteurs en I'absence de 
charge et. de correction de sorties a partir de la 
premiers et la 'seconde rotations d'arbre' sans 
aucune sortie de charge.' \ ^ 35 

6. Precede' selon la revendication 4i dans lequel 
les. operations ^de montage de masses connues 
dans la premiere et la seconde positions axiales 
connues consistent a selectionner la premiere et 

la seconde positions axiales pour qu'elles ; se 40 
situent dans des plans predetermines de 
detection de masse de desaquillbre situes 
. axialement. .. .. 

7. Procede selon la revendication 4, dans lequel , 
I'arbre est entraTne en rotation autour d'un axe de 45 
rotation et les capteurs sont des capteurs de force 
produisant des sorties indiquant une force 
resultant de charges de d6s6quilibre pendant la 
rotation de I'arbre et dans lequel les sorties sont 
appliques eiectriquement audit calculateur, so 
consist ant en outre: 

a monter une masse connue sur I'arbre'avec un 
rayon connu par rapport a I'axe de rotation et 
dans un premier plan d'etalonnage de des- ■. 
equllibre de masse connu, / ss 
a faire tourner i'arbre une premiere fois, 
a memonser des donn6es indiquant les 
premieres sorties de capteurs de force de 
rotation, 

a monter une masse connue sur I'arbre avec un so 
rayon connu par rapport a I'axe de rotation et 
- dans un second plan d'etalonnage 'de des- 
equilibre de masse connu, 

h faire tourner I'arbre une second fois pour * 
obtenir d'autres sorties des capteurs et a calculer ss 


la separation axiale ^apparente et les positions 
axiales apparentes des capteurs en utilisant les 
d nnees Indiquant les sorties des capteurs de 
force a la premiere et la seconde rotations d 
maniere que ces quantites calcuiees sbient 
utilisees pour reduire le contenu d'erreurs dans le 
desequilibre detect6 dans des plans pre- 
determines de correction de desequilibre de 
masse. 

; -8v Proc6de selon la revendication 7, associe 
avecles operations de mise en rotation de I'arbre 
lorsqu'aucune charge n'est mohtee 6ur lui, de 
memorisation des donnees des capteurs sans 
charge et de correction des donh6es a partir de la 
-premiere et la seconde rotations d'arbre avec les 
donnees en I'absence de charge. 

:9. Procede selon la revendication 6, dans lequel 
les operations de montage de masses connues 
dans le premier et le second plans d'etalonnage 
de desequilibre de masses connues consistent a 
seiectionner le premier et t le second plans 
d'etalonnage et les positions, pour qu'ils soient 
,pratlquement dans les plans predetermines de 
correction de desequilibre de masse. 
»\10. Procede dfetalonnage d'une machine de 
detection de d6sequlibre de masse dynamique 
„■ comportant un arbre mis en rotation autour d'un 
:axe de rotation et une paire de capteurs de force 
produisant des sorties indiquant une force 
resultant de charges de desequilibre pendant une 
rotation de I'arbre et etant espac6s axialement le 
long de I'arbre et accoupies mecaniquement avec 
:>,lui, dans lequel les sorties sont couplees 
eiectriquement avec un calculateur, consistant: 
^ . **a monter une masse connue sur I'arbre avec un 
rayon connu par rapport a I'axe de rotation et 
dans plusieurs plans d'etalonnage de des- 
equilibre. de masse d'espacement axial connu, 
- successifs, 

a faire tourner I'arbre plusieurs fois, une fois 
* vpour chacun des plans d'etalonnage espaces 
..axialement 

*v a m6moriser des donnees indiquant les sorties 
des capteurs de force a partir de cheque rotation 
a de plan d'etalonnage, 

. .. et a calculer Jes relations entre la force de 
v. desequilibre et des donnees les indiquant en 

• fonction, de la ^ position axiale de I'arbre en 
V utilisant les< donnees indiquant les sorties de 

capteurs de force a partir de plusieurs. rotations, 
: de maniere que ces relations calcuiees puissent 
etre utilisees pour produire. des donnees 

• d'etalonnage de maniere a reduire la teneur en 
erreur dans le desequilibre detecte dans des plans 
predetermines de correction de desequilibre de 

^rnasse. 

' -n. Proc6de selon la revendication 10, dans 

• - lequel reoperation de caicul consiste a appeler les 

donnees d'etalonnage provenant des relations 
calcul6s qui correspondent a la position axiale de 
I'arbre des plans de correction de desequilibre de 
masse. 

12. Proc6d6 selon la revendication 11, dans 
lequel les donn6es d'etalonnage sont obtenues 
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dans deux plans d'6tatonnage et lea relatl na 
calculdea aont supposes fitra linaires. 

13 ProcfcM selon la revendication 10 assoc.* 
avec les operations de mise an rotation d 1 arbre 


20 


dans aucuna charge montde sur lui, de 
memorisation des donn^es de capteurs sans 
charge et de correction des donn6es mdmonsSes 
avec les donn6es n I'absence de charge. 
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